Introduction: Women with former preeclampsia (exPE) develop chronic hypertension 4 times more often than healthy parous controls. Women, destined to develop remote chronic hypertension, had increased left ventricular mass index (LVMI) and diastolic blood pressure (BP) prior to the onset of hypertension as compared to those remaining normotensive. However, longitudinal data on the progress of this increased LVMI in women destined to develop hypertension are lacking. Methods: We included 20 women with exPE and 8 parous controls. At both 1-and 14-year postpartum (pp), we performed cardiac ultrasound and determined circulating levels of the metabolic syndrome variables. Of 14-year pp, 7 (35%) former patients had developed chronic hypertension. We compared these 7 former patients with both the 13 former patients who remained normotensive and the 8 parous controls using the Mann-Whitney U test and Kruskal-Wallis analysis. Results: Women with hypertensive exPE differed from their normotensive counterparts by a higher incidence of early-onset preeclampsia (PE) in their index pregnancy and a higher rate of recurrence in next pregnancies. At 1-year pp, they also had high/normal BP and higher fasting insulin levels. At 14 years pp, the relative left ventricular wall thickness was higher, and the E/A ratio was lower, in the hypertensive group relative to those remaining normotensive. Conclusion: Women with exPE are at increased risk of developing chronic hypertension, when (1) the PE in the index pregnancy had an early-onset and/or recurred in next pregnancies and (2) the 1-year pp. Blood pressure was high normal. We also noticed that at 14 years pp, the hypertensive group showed signs of concentric left ventricular remodeling along with a decreased E/A ratio.
Introduction
Preeclampsia (PE), a hypertensive pregnancy disorder complicating 3% to 5% of all pregnancies in the Western world, is a major cause of perinatal morbidity and mortality. 1 Although a link between PE and future chronic hypertension has already been suggested almost 50 years ago, 2 it was only recently that PE has been generally accepted not only to predispose to chronic hypertension but also to premature cardiovascular disease (CVD). 3 Preeclampsia and CVD share many risk conditions such as diabetes, obesity, and preexistent hypertension. Still, it is unclear whether PE itself, underlying risk conditions, or a combination contributes to future hypertension and CVD.
Compared to parous controls, women with former preeclampsia (exPE) have a 4-fold higher risk to develop chronic hypertension. 4 From the available epidemiological data, it is not possible to determine whether this higher risk applies to all former patients or to a subgroup with specific underlying risk factors or latent disorders. This is relevant as these epidemiologic studies do not stratify for different pathogenetic pathways preceding the onset of PE. 5 Previously, we found a larger left ventricular mass (LVM) index and a higher incidence of high-normal diastolic blood pressures (BPs) in women with exPE, normotensive at the 1-year postpartum (pp) screening, who eventually developed chronic hypertension. 6 However, the design of that study was cross-sectional with follow-up information being obtained by biennial questionnaires. These do not provide information on cardiac remodeling after the onset of hypertension. The latter is important as only half of the patients with chronic hypertension develop left ventricular remodeling, which may be either concentric or eccentric depending on whether the hypertension is triggered by pressure or volume overload, respectively 7, 8 In addition, it is not known whether left ventricular remodeling develops similarly in women with exPE who are much younger than patients with hypertension in the general population. Moreover, in the previous study we did not include information on the metabolic syndrome (MetS) that is associated with both PE and chronic hypertension. 9, 10 Therefore, this explorative pilot study was designed to investigate whether seemingly healthy women with exPE destined to develop hypertension in a 14-year follow-up period since the PE pregnancy (1) shows accelerated cardiac remodeling in this time interval and (2) shows increased MetS risk factors, already present at 1-year pp. To this end, we performed cardiac ultrasound and measured circulating levels of the variables contributing to the MetS at 1-year and 14-year pp in 20 women with exPE and in 8 healthy parous controls. The observations at 14-year pp were used to subdivide the 20 former patients into 2 subgroups depending on whether chronic hypertension had developed (hypertensive exPE [HT-exPE]) or not (normotensive exPE [NT-exPE]).
Patients and Methods

Study Population
Before the start of the study, the hospital's Medical Ethical Committee approved the study protocol (MEC 08-2-130). We defined PE according to the criteria of the International Society for the Study of Hypertension in Pregnancy. 11 Preeclampsia was considered ''early onset,'' when the disorder was diagnosed before 34 weeks of pregnancy. We considered newborns to be small-for-gestational-age (SGA) if their birthweight was below the fifth centile according to the birthweight reference curves of the Perinatal Registry in the Netherlands. 12 We sent an invitation to the women, who had participated in a previous study between 1996 and 1999, 13 to take part in this follow-up study. The study population in that previous report consisted only of caucasian women, with 10 women being healthy normotensive controls and 39 being primiparous after a preeclamptic pregnancy. At that time, women with a history of PE were recruited at the outpatient clinic at pp follow-up. Most of them experienced a severe form of PE, either early-onset PE or PE complicated by fetal growth restriction or fetal demise. Parous controls were recruited by advertisement. We invited the 10 parous controls and 33 former patients for the 14-year pp follow-up measurement who had neither preexisting renal disease nor persistent pp hypertension. Of these former patients, 3 were lost to follow-up, 1 woman had died of pulmonary embolism, and 1 was undergoing chemotherapy. Furthermore, 8 former patients and 2 controls declined participation because of lack of time and/or emotional reasons. Eventually, 20 former patients and 8 parous controls agreed to participate in this study.
We divided the former patients into 2 subgroups based on whether or not they had developed chronic hypertension at the 14 years pp measurement session. One subgroup consisted of 13 former patients who were still normotensive at the 14-year pp measurement (NT-exPE), whereas the other subgroup consisted of 7 former patients who had developed chronic hypertension by then (HT-exPE), requiring antihypertensive medication. We diagnosed chronic hypertension on the basis of a BP !140/90 mm Hg measured by standard criteria (see subsequently). Prehypertension was defined by systolic and diastolic BPs ranging from 120 to 139, and/or from 80 to 89 mm Hg, respectively. Metabolic syndrome was diagnosed according to the National Cholesterol Education Program-Adult Treatment Panel III criteria (NCEP-ATP III). 14 
Measurements
The participants underwent the same set of measurements at 1and 14-year pp. We performed both measurement sessions in the mid-follicular phase of the menstrual cycle (days 5 + 2). Participants used a standard sodium diet (100 mmol sodium day À1 ) starting 1 week prior to measurement. Antihypertensive drugs were discontinued 2 weeks earlier. From 10 hours prior to measurements, participants refrained from smoking, eating, and drinking caffeine-or alcohol-containing beverages.
The measurement session started at 8:00 AM in a temperaturecontrolled room (+24 C), with as little as possible external disturbances. Participants were lying on their back on a comfortable bed throughout the measurement session. We measured BP on 2 consecutive occasions using an oscillometric device ((Dinamap Vital Signs Monitor 1846; Critikon Company LLC, Tampa, Florida). First, we recorded BP for 30 minutes at 3-minute intervals after 30-minutes acclimatization in these standardized environmental conditions. In all women enrolled in the ''hypertensive'' subgroup, we confirmed the diagnosis. That is to say, they all had a median systolic and/ or diastolic BP in excess of 140 and/or 90 mm Hg, respectively. After the BP recording, we sampled fasting blood for the later measurement of glucose (mmol L À1 ), insulin (mUÁL À1 ), low-density lipoprotein (LDL, mmolÁL À1 ), high-density lipoprotein (HDL, mmolÁL À1 ), triglycerides (mmolÁL À1 ), and total cholesterol (mmolÁL À1 ) using standard laboratory techniques at the laboratory of the University Medical Center Maastricht. We estimated the degree of insulin resistance using the Homeostatic Model Assessment by the following formula: (glucose [mmolUÁL À1 ] Â insulin [mUÁL À1 ])/22.5. 15 Body mass index (BMI, kgÁm À2 ) was calculated by dividing body weight in kg by squared length in meters. Overweight was defined as BMI between 25 and 30 kgÁm À2 . Body surface area (BSA) was calculated as follows: BSA (m 2 ) ¼ 0.007184Áheight (cm) 0.725 Áweight (kg) 0.425 . 16 We assessed cardiac function with the participant in dorsal recumbence using a phased-array echocardiographic Doppler system (Hewlett-Packard Sonos 2000 and 2500; Hewlett-Packard Company, Palo Alto, California) as detailed previously. 13 All data were analyzed offline using specific software (Excelera, Philips, The Netherlands).
By M-mode in the parasternal long-axis view, we measured left ventricular end-diastolic diameter (LVEDD, mm), left ventricular end-systolic diameter (LVESD, mm), and the end-diastolic thickness of both the interventricular septum (IVST, mm) and the posterior wall (PWT, mm). We used the Devereux-formula 17 to estimate LVM both as an absolute figure (g) and indexed for height in m 2.7 . 18 We calculated relative wall thickness (RWT) as follows: RWT ¼ [IVST þ PWT]/ LVEDD. The heart rate (HR, beatsÁmin À1 ) was obtained by taking the reciprocal of the mean of 5 consecutive RR intervals on the electrocardiogram multiplied by 60. We estimated the mean aortic Velocity Time Integral (VTI) by averaging the outer edge tracings of 5 consecutive Continuous Wave Doppler registrations of the aortic flow at the level of the aortic valve. By taking the product of VTI and the cross-sectional area at the level of the aortic annulus in the parasternal long axis view, we obtained stroke volume (SV, mL). Finally, cardiac output (CO, LÁmin À1 ) was obtained by multiplying SV with HR. During cardiac ultrasound, we repeated the BP measurement (in triplicate) using the same semiautomatic oscillometric device as used before. The (median) values of this second set of measurements differed little and inconsistently from the ones obtained earlier but nevertheless were reported in the tables and used for statistical analysis. By measuring the transmitral flow pattern by pulsed-wave (PW) Doppler echocardiography in the apical 4-chamber view, we derived the early diastole (E)/atrial contraction (A) ratio, which provides a crude estimate for diastolic function and corresponds with the ratio of peak mitral flow velocity during early diastole and that during atrial contraction. Doppler-derived indices were averaged over 5 consecutive cardiac cycles. The PW Doppler sample volume (5 mm) was carefully positioned at the tip of the mitral valve leaflets. The sweep rate was set at 50 mm s À1 .
Statistical Analysis
We compared the 3 groups by Kruskal-Wallis analysis, and the 2 former patients subgroups using the Mann-Whitney U test. Categorical data were analyzed by the Chi-square test if at least 5 cases were present in each of the 3 groups and by the Fisher exact test if one of the groups contained less than 5 cases. Of the glucose, insulin, and cholesterol data determined at 1-year pp, 4%, 30%, and 48%, respectively, were missing. At 14-year pp, none of the measurements was missing. We used regression to impute missing values as limiting the analysis to complete data sets would have led only to loss of precision or biased results. 19 The imputation step and all analyses were performed using SPSS version 17.0. Data are presented as median with interquartile range unless stated otherwise. We considered a P value below .05 (after correction for multiple testing) to be statistically significant.
Results
Of the former patients, 7 (35%) had developed chronic hypertension at 14 years pp compared to only 1 (12.5%) in the control group. Table 1 lists the demography and pregnancy outcomes in our study population. Hypertensive exPE differed from normotensive exPE by having twice as often early-onset PE in their index pregnancy (100% vs 46%, P < .05), giving birth at an earlier gestational age to a child with a lower birthweight. Moreover, HT-exPE women had more often of recurrent hypertensive pregnancy disorders than NT-exPE women (86% vs 22%). Table 2 lists BPs and various metabolic variables in both subgroups of former patients and the controls at 1 and 14 years pp. Already at 1-year pp, HT-exPE differed from NT-exPE by a higher systolic, diastolic, and mean arterial BP, and from the control group by higher diastolic and mean arterial BP. We observed neither at 1-year nor at 14-year pp consistent differences in glucose and insulin between the NT-exPE group and the control group. However, insulin was significantly higher in the HT-exPE group than in the NT-exPE group at both 1 and 14 years pp. The concomitantly measured circulating levels of total-and LDL-cholesterol did not differ appreciably between the 2 former patient subgroups (Table 2) . However, only in the HT-exPE subgroup, we noticed an increase in circulating LDL levels during the intermeasurement interval with a trend toward significance. In the HT-exPE subgroup, we also observed a trend to lower HDL-cholesterol at 14-year pp (P ¼ .06) and significantly higher circulating levels of fasting triglycerides at the 14-year pp measurement. The change in most other variables between 1-and 14-year pp in the 3 subgroups did not differ appreciably. The rise in systolic BP in the intermeasurement interval was largest in the HT-exPE subgroup and was accompanied by an increase in pulse pressure. Although the cardiac indices in the 3 groups did not differ at 1-year pp ( Table 3) , HT-exPE had deviated from NT-exPE by 14 years pp (Table 3) indicated by a larger IVST, PWT, RWT and a higher CO, and a trend toward a larger LVM relative to NT-exPE. The relative changes in these variables are shown in Figure 1 . Also the E/A ratio had decreased in the HT-exPE group relative to NT-exPE, without concomitant change in LVEDD and LVESD, suggesting concentric remodeling accompanied by a decline in cardiac diastolic function.
Discussion
This longitudinal pilot study in women with exPE confirms our hypothesis that former patients, destined to develop chronic hypertension, show accelerated left ventricular concentric remodeling relative to their counterparts that remain normotensive. Moreover, this study supports the observation in our earlier cross-sectional study 6 that prehypertension is more prevalent in women destined to develop chronic hypertension. We also noticed in the current study that a history of early-onset PE and recurrence of a hypertensive complication in next pregnancies relates to the development of chronic hypertension. This is in line with previous findings, 4 but in contrast with a previous study reporting no significant difference in either gestational age of onset or recurrence of hypertensive pregnancy disorder between women with NT-exPE and HT-exPE. 6 A possible explanation for this difference may be differences in demography and study design. In the current study, most women had experienced early-onset PE or PE with concomitant SGA. Early-onset PE appears to be a proxy for underlying cardiovascular dysfunction, thus indicating a higher risk developing chronic hypertension. 20 Second, in the previous study, we used self-report to determine hypertension in women. This method could have led to underestimation and concomitant bias of the prevalence of patients with hypertension who do not regularly check their BP. In the current study, we used 2 well-defined moments in which we clinically measured the BP in women and diagnosed chronic hypertension based on standard criteria. Finally, this current study provided indirect evidence for lifestyle-related factors, such as overweight, prehypertension, and raised fasting insulin levels, to add to the risk of developing chronic hypertension. Conversely, in this cohort of former patients, LVM and RWT at 1-year pp were not significantly larger in women destined to develop hypertension compared to their counterparts remaining normotensive. These findings are in line with some reports, 21 but in contrast to other reports. 6, 20 It is conceivable that the discrepancy with our previously reported cross-sectional findings 6 is related to a difference in the composition of the study populations, whereas also the modest group sizes in this study may have contributed. Prehypertension, defined as systolic and diastolic BPs ranging from 120 to 139 and from 80 to 89 mm Hg, respectively, is an important risk factor for later hypertension and is associated with cardiovascular morbidity. 22 In our study, 57% of the HT-exPE group fulfilled the criteria of prehypertension at the 1-year pp check-up as opposed to only 23% in NT-exPE. However, this difference did not reach statistical significance, probably due to the modest group sizes. Interestingly, 5 of 7 patients with exPE with prehypertension had developed a recurrent hypertensive disorder in their next pregnancy, suggesting prehypertension to predispose to recurrent PE, a finding requiring confirmation in a larger study population.
The higher incidence of overweight in HT-exPE at both measurement sessions, the higher starving insulin levels at 1-year pp, the trend toward a lower HDL-cholesterol, and the raised circulating levels of triglycerides at 14 years may have expedited prehypertension to evolve to chronic hypertension in the HT-exPE subgroup. The prehypertension observed at 1-year pp may already have been present during the index pregnancy contributing to its adverse outcome and to recurrent PE in next pregnancies.
The mechanism that eventually leads to chronic hypertension in patients with NT-exPE is probably multifactorial. A proposed etiology by our group 23 and others, at least in part supported by the results of this study, refers to the role of the MetS. 9, 10, 24 Women with a history of PE frequently exhibit features of MetS, which is in line with our findings. PE and CVD share several common risk factors (such as obesity, insulin resistance, and hypertension). It is often suggested that both PE and premature CVD may be manifestations of the MetS. 23 Therefore, it is important to screen patients with exPE for underlying additional risk factors to enable the timely institution of preventive measures, thus at least delaying the development of premature CVD. 
